. Understanding the key factors that influence the geochemistry of waters draining mineralized areas is critical for minimizing impacts on water quality during the development of new mines and in the remediation of past mining activities. Research in the Colorado Mineral Belt suggests that the primary factors influencing pH and compositions of such drainage are the geology and geochemistry of the ore deposits and their host rocks, the physical exposure of the deposits to weathering processes, and geochemical processes such as oxidation, dissolution, precipitation, and sorption (Plumlee and others, 1993) .
Researchers from the U.S. Geological Survey are in the process of developing a comprehensive geochemical database for waters draining different types of ore deposits. The intent is to use this database to predict the effects of mineralized deposits on water quality (Plumlee and others, 1993) . Our work to characterize the geochemistry of waters draining from adits and beneath tailings piles in the Coeur d'Alene mining district is part of that effort. Our other motivation is to provide unbiased information about point sources of metals to surface and groundwater in the district and to understand the fundamental processes controlling the composition of such drainage. This information is necessary for directing on-going and prioritizing future remediation activities in the basin.
STUDY AREA
The Coeur d'Alene mining district is located in the north central Bitterroot Range in northern Idaho and western Montana ( fig. 1 ). Total production from this area indicates that this district ranks as one of the world's largest producers of silver (Ag) and one of the United States' major producers of lead (Pb) and zinc (Zn). Information about the geology and genesis of ore deposits in the Coeur d'Alene district is found in Fryklund (1964) , Hobbs and others (1965) , Bennett and Venkatakrishnan (1982) , Reid (1984) , Fleck (1987, 1990) , Leach and others (1988) , Bennett and others (1989) , and Constantopoulos and Larson (1991) . Ore deposits in this area are steeply dipping Pb-Zn-Ag veins in Precambrian rocks of the Belt Supergroup. These host rocks are primarily quartzite and argillite with lesser amounts of interbedded carbonate and carbonate bearing rocks. Most mineralization is localized in quartzite to argillite transition zones in the middle Pritchard, Pritchard-Burke, and Revett-St. Regis formations.
The principal economic minerals are galena (PbS), sphalerite (ZnS), and silver bearing tetrahedrite [(Cu,Fe) i2Sb4Si3] (Fryklund, 1964) . Most veins contain small amounts of chalcopyrite (CuFeS2) and some veins contain low concentrations of pyrrhotite (Fe(i_x)S), magnetite (FesO^, and arsenopyrite (FeAsS) . Pyrite (FeS2) is ubiquitous, but variable in abundance, in the veins. The most important gangue minerals are quartz (SiO2) and siderite (FeCO3).
Mining began in the Coeur d'Alene River basin in the late 1800's. Over ninety mines now exist in the district and most are located along the South Fork of the Coeur d'Alene River and its major tributaries including Canyon Creek, Ninemile Creek, and Pine Creek (Bennett and others, 1989) (fig. 1 ). The Sunshine, Lucky Friday, Coeur, and Galena mines are the only mines currently operating in the district.
Production records indicate that the relative amounts of Pb, Zn, Ag, and Cu vary among the deposits in the Coeur d'Alene mining district (Bookstrom and others, 1996) . The maps of Fryklund (1964) show subtype deposits where veins are either Zn rich, Pb rich, contain about equal portions of Zn and Pb, or Cu rich. Although we designed our sampling program to collect drainage from different subtype deposits, we realize that categorizing deposits based on production records is not completely valid because distinctly different veins were mined at some deposits. For example, Bunker Hill mine has Bluebird veins that are predominately an assemblage of sphalerite-pyrite-siderite (Zn rich) and Link veins that mainly contain galena, argentiferous tetrahedrite, and quartz (Pb-Ag rich), while the Star-Morning mine has veins that are Zn rich (Star) and Pb rich (Morning). In addition, the labyrinth of tunnels in the mining district makes it difficult to clearly distinguish which mines are draining through a given adit. For example, Tamarack #7 adit may drain both the Tamarack-Custer and Standard Mammoth mines. These mines fall into different subtype deposits according to the Fryklund (1964) classification scheme.
Despite the above drawbacks, we use production records to categorize ore deposits in the Coeur d'Alene mining district into Zn rich, Pb-Zn rich, Pb rich, and Cu rich deposits. The locations of our adit sample sites and the production records and assigned subtype of the associated ore deposits are summarized in table 1. Two of the three Cu rich deposits (Crescent and Silver Summit) had significant production (~12%) of Ag and occur in an area designated as the Silver Belt. The locations of adit sample sites are shown in figure 1.
Early ore separation methods were not very efficient, especially for Zn. Thus, early jig tailings were highly enriched in Zn. Later development of more efficient flotation methods resulted in tailings with lower metal concentrations. Of the tailings piles whose drainage we sampled, one consists of jig tailings only (Success), two have jig tailings covered by flotation tailings (Bunker Hill and Interstate-Callahan), and one consists solely of flotation tailings (Rex). Most tailings were deposited directly into the Coeur d'Alene River and its tributaries prior to installation of settling ponds in the 1960's. Flood events subsequently have re-distributed metal enriched tailings throughout the channel of the South Fork and main stem of the Coeur d'Alene River and its floodplain. Our sample from the Osburn tailings emanates from a floodplain area covered by fluvially deposited jig tailings. The locations of sample sites for drainage from beneath tailings piles are indicated in table 1 and figure 1.
METHODS

Field methods:
Water draining from adits and beneath tailings piles in the Coeur d'Alene mining district was collected during August and November 1996 and June 1997. The August and November samples were collected when regional stream flow and flow from adits and tailings piles were low. The June samples were obtained after peak runoff when regional stream flow and flow from adits and tailings piles were high. Drainage from adits generally was sampled within 30 feet of the mine portal. Drainage from tailings piles was sampled within a few feet of the seep source and either at the base or just down gradient of the base of the pile.
Strict protocols were followed during sampling and handling of waters to ensure quality and comparison of data collected for widely spaced time intervals. Measurements of temperature, pH, conductivity, dissolved oxygen, and estimates of flow were made upon arrival at each site. Temperature was measured either with a mercury thermometer or a conductivitytemperature probe. Values of pH were determined with an Orion field meter and electrode calibrated with standard pH 1.68, 3,4, 6,7, and 10 buffers. Conductivity was determined with an Orion field conductivity meter and electrode after calibrating with a conductivity standard (0.01 M KC1) at the in-situ temperature of the sample. Oxygen was determined qualitatively with a Chemetrics dissolved oxygen kit. Flow was estimated semi-quantitatively using a bucket and stopwatch, timing a float for a given distance and measuring the cross section of the stream, or inserting a calibrated flume. AIL water sample was then collected after rinsing the bottle three times with sample. This sample was stored in the dark except during sub-sampling. The bottle was shaken to ensure mixing of the water before taking any aliquots. Aliquots for total acid soluble metals were poured from the 1 L bottle into acid cleaned high density polyethylene (HDPE) bottles. Aliquots for total acid soluble Hg were poured from the 1 L bottle into 60 mL glass bottles. Before dissolved sub-samples were taken, 0.45 jam nylon disposable filters were rinsed using 20 mL of sample. Aliquots for dissolved Fe(ET), metals including Hg, anions (F, Cl" and SO42"), and alkalinity then were taken from the 1 L bottle using 60 mL syringes and filtered through rinsed filters into unwashed amber high density polyethylene (HDPE) bottles for Fe(II), acid cleaned HDPE bottles for metals, 60 mL glass bottles for Hg, or unwashed HDPE bottles for anions and alkalinity. Samples for Fe(II) immediately were preserved with 5 drops of redistilled concentrated hydrochloric acid (HC1) per 30 mL of sample. Samples for Hg were preserved by adding 6 drops of redistilled concentrated HC1 per 60 mL of sample. Samples for metals were preserved by adding 6 drops of redistilled concentrated nitric acid (HNOs) per 60 mL of sample. Anion samples were kept cold in an ice chest during transport to the laboratory. Alkalinity was determined in the field by Gran titration (Stumm and Morgan, 1996) using 1 mM HC1 standardized with known concentrations of carbonate solutions. Protocols for sampling metals, Hg, anions, and alkalinity are summarized in table 2.
Laboratory methods: Ferrous Fe [Fe(II)] and major and trace ions were determined after returning to the laboratory. Ferrous Fe was determined within one week of sampling by colorimetry using the Ferrozine method (Stookey, 1976) . The limit of detection for Fe(II) by this method was 60 (ig/L. Potassium and Na concentrations were determined by flame atomic absorption spectrometry (FAAS). Calcium and Mg concentrations were determined by inductively coupled plasma -atomic emission spectrometry (ICP-AES). The remaining metal and metalloid (Al, As, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs, Cu, Fe, Hg, K, La, Mn, Mo, Ni, Pb, Rb, Sb, Sr, Tl, U, and Zn) concentrations were determined by inductively coupled plasma -mass spectrometry (ICP-MS). Protocols for laboratory methods are summarized in table 3. Limits of detection for the elements done by FAAS, ICP-AES, and ICP-MS are summarized in table 4. Ion chromatography was used to determine concentrations of anions. Reference standards from USGS (M100, M130, T-135, T-137, and AMW-2) and acid and filtering blanks were analyzed with each batch of samples.
RESULTS
The analytical results for waters from adits and tailings piles are summarized in tables 5-7. The data for adits are organized by deposit subtype and date of collection. The data from tailings seeps follows the adit data. Discussions about the geochemical processes that determine the composition of these waters will be presented in other publications.
QUALITY CONTROL
The analytical results for the USGS reference standards (M100, M130, T-135, T-137, and AMW-2) are summarized in tables 8 and 9. Agreement between concentrations in reference standards and accepted values generally was excellent, except for Fe in T-137 and AMW-2. The measured values were lower than the accepted values. The observation for AMW-2 is consistent with the reddish brown coating, probably precipitated Fe oxide, on the inside of the AMW-2 bottle. There is no obvious explanation for the measured low Fe values in T-137.
The analytical results for acid and filtering blanks indicated that all elements were below the limits of detection.
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